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Abstract
Panoply of tools is available for sizing and simulation of Photovoltaic Systems but none of them fulfill with accuracy 
our local needs. In order to have a useful tool adapted to our environment, our team is elaborating a photovoltaic 
Sizing and Simulation Tool (PVSST 1.0). In this article we focus on the Sizing part of the software which is 
dedicated, as a first step, for Stand Alone PV System (SAPVS) and PV Pumping System. The results obtained for 
some examples with our software are presented and compared to the results obtained with PVsyst 5.0 and EOS 1.1 
(BP Solar). It was found that our sizing tool gives appreciable results even if some improvements must be introduced 
on it. 
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INTRODUCTION 
The realization of a Photovoltaic (PV) project has to go through the sizing step which allows us for a 
given data contained in the technical prescription manual, as geographical localization of the site and the 
energy needs, to evaluate principally the size of the PV array and the capacity of the batteries. To 
accomplish this operation we need a sizing tool. It is right that a certain number of tools exist and we have 
experimented some of them but to our knowledge none of these uses accurate meteorological data base 
concerning Algerian regions or towns. On the other hand, these tools rarely have the flexibility which 
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allows us to use with them models which we elaborate. So we are always dependant of the updates of the 
developer tools. These reasons have conducted us to develop our proper sizing and simulation tool 
(PVSST1.0) adapted to our environment and have the opportunity to improve it by inserting new models 
and functionalities. In this article, we will focus on the sizing part of the tool developed. At first we give a 
general presentation. We then explain the main steps of the Sizing Stand Alone PV System Procedure and 
the Sizing PV Pumping System Procedure. Through two examples we show the execution of the above 
procedures. The results obtained by our sizing tool are compared to those of PVsyst 5.0 [1] and EOS (BP 
Solar). In the discussion we explain the reasons of the differences between the results of the three 
softwares. 
1. GENERAL PRESENTATION OF SIZING SOFTWARE 
1.1. Software Architecture  
 
As shown on figure 1, our sizing software is composed with three parts: The data base, the Stand Alone 
PV System procedure and the PV Pumping System procedure.  
 
1.2. The Data Base  
 
The data base is composed of two parts. The first part concerns the Meteorological Data which contains 
global irradiation for latitude site of thirty seven (37) stations distributed all over the Algerian country[2] 
[3]. These data are displayed in tables and graphs. The second part contains data of the PV system 
components as PV modules [4], batteries and solar pumps as shown on the figure 2[5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1.  Architecture of The PVSST 1.0 Sizing Tool. 
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Fig. 2. Data base for PV modules.  
 
1.3. Sizing Stand Alone PV System Procedure  
 
After having introduced the consumption profile of the load for a village or a group of house for example, 
we are then be able to calculate the peak power in (W) of the PV plant and the nominal capacity in (Ah) 
of the batteries storage. These two parameters allow us to choose in the data base a couple (PV module, 
battery) which gives us the optimal configuration of the PV system to be installed which minimizes the 
captation losses and insure the autonomy needed by the system [6]. Given the Performance Ratio PR, 
which is set at a value comprised between 0.55 and 0.65 as recommended by IEA[7], the energy needs of 
the load and the global irradiation in the local area, we calculate the size of the PV array necessary to 
satisfy the energy needs.  
On the other hand, with the energy needs, the autonomy of the system and the Depth Of Discharge 
(D.O.D) of the batteries, we calculate the nominal batteries bank capacity [8].  
As a result of the Sizing Stand Alone PV System routine we get a result sheet in which the following 
information are gathered: the size of the PV array, the nominal batteries bank capacity, the module type 
and its data sheet, the battery type and its data sheet, the PV module interconnexion (serial, parallel and 
total number).  
 
1.4. Sizing PV Pumping System Procedure  
 
As input data, this part of the software needs mainly the well characteristics: the water flow per hour or 
per day, the deepness of the well, the regeneration rate of the well and the pumping head. These 
parameters allow us to determine the power and electrical energy of the moto-pump group. The daily 
running time of the solar pump and the global irradiation in the local site conduct us to determine the peak 
power of the PV array. Then we deduce the PV panel type and the solar pump type which give us the 
optimal configuration [9] [10].  
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As a result of the sizing PV pump routine we obtain a result sheet which contains the characteristics of the 
PV array (panel type, peak power, and interconnexion configuration), the characteristics of the moto-
pump group (pump type, number of pump to be installed...), and inverter characteristics. 
 
2. MATHEMATICAL MODELING OF THE SYSTEM PARAMETERS
 
Before description of the main parts constituting our software, we will describe in this part of work, 
different mathematical models used for sizing photovoltaic systems for remote areas electrification (stand 
alone system) and water pumping.  
 
2.1. Photovoltaic systems for rural electrification [7]. 
 
The size of the photovoltaic array is characterized by its peak power Pc (Wc) whose calculation is based 
on a consumption profile (energy demand) of a group of homes and the average daily global irradiation 
taking into account, the performance ratio of the system. 
The peak power of the photovoltaic array is given by the following expression: 
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Where:  DE: energy demand (Wh/day), PR: performance ratio of the PV system, G: global irradiation 
(kWh/m2).
 
The nominal capacity of the battery storage is calculated from the number of days of autonomy of the 
system with depth of discharge set beforehand. This capacity is given by the following expression: 
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Where: A : autonomy system, DOD: depth of discharge, V : nominal system voltage (volt).
 
2.2. Photovoltaic systems for water pumping 
 
 The photovoltaic pumping system adopted in this software is running over the sun without storage 
batteries  [5] [9]. 
 
2.2.1. Characteristics of  the well:  
 
The well is characterized by several parameters which have a direct influence on the design of the PV 
pumping system. These parameters are defined as follows:  
x Total manometric head (HMT):  
 The total manometric head (HMT) of a pump is the pressure difference meter of water column between 
the inlet and outlet. This height is calculated by the following expressions:  
     
)()1( mPcHgHMT                                                             (3)
                  )(mNdHrHg                                                                           (4)         
   
Where: Hg: geometric height between the pumped water (dynamic level) and use plan, Hr: height from 
the ground to the tank,  Nd: Dynamic level, Pc: pressure losses generated by the friction of water on the 
pipe walls.  
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x Calculating the electric energy of the pump:  
 
The energy needed to lift water from a given height for a day is calculated by the following expression:  
)(KWh
Rp
HMTQCHEelec                                                    (5) 
Where: CH: hydraulic constant (Kg.s.h / m²), Q: The daily flow (m3/day),  Rp: performance pumps units.  
 
x Calculating  the power of the pump of the system:  
 
Power from the pumping system is the ratio between the electrical energy of the pump and the daily 
consumption duration, it is presented by the following formula:  
  
)(KW
t
EP elec'                                                                       (6) 
where: Eelect: electrical energy of the pump (Wh),  ∆t : the daily consumption duration (h).  
3. PV SYSTEM SIZING EXAMPLES 
3.1. Stand Alone PV System Sizing Example  
 
To illustrate the case of sizing Stand Alone PV System, we have chosen the rural electrification of the 
village of Gara Djebilet located in the South West of Algeria in Tindouf located at 2000Km from Algiers. 
The village is composed by ten houses; each of them needs about 2.5KWh/day. The mean daily value of 
the global irradiation in this site altitude is about 6KWh/m2/day. In the following we present each step 
done by the software in order to accomplish the sizing procedure.  
Step 1: Input data  
As shown by the figure 3, the window is used to introduce the input data (electrical accessories, their 
electrical consumption, the running time...)  
Step 2: Basic Data  
As shown in the figure 4, this window named ‘Basic Data’ is used to introduce the name and the latitude 
of the site, the daily consumption of the load, the autonomy of the system, etc. This window displays 
monthly data of the energy used by the system and the irradiation received by the site. 
 
Fig. 3. Stand Alone PV System / Energy Needs Window.      Fig. 4. Stand Alone PV System / Basic Data Window. 
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Step 3: The sizing Window  
This window shows the calculated values of the peak power PV array, the batteries capacity, the number 
of PV modules, the number of PV batteries, etc, figure 5.  
 
Step 4: The Results Window  
As shown on the figure 6,This Result Window gather all the components characteristics of the PV system 
to be installed: the size of the PV system, the batteries capacity, the PV module type with its data sheet, 
the battery type and their data sheet, etc. 
 
Fig. 5. Stand Alone PV System / Sizing Window;               Fig. 6. Stand Alone PV System / Results Window. 
 
3.2. PV Pumping System Sizing Example  
Step 1: Input Data  
As the input data for the PV Pumping System sizing routine we introduce the characteristics of the well 
(water flow, the pumping head, the mean solar irradiation of the day, the daily running time of the pump, 
etc), figure 7. 
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Fig. 7. PV Pumping System / Needs and Well Characteristics Window. 
Step 2: Sizing the moto-pump Group and the PV Plant  
From the inputs introduced in the first window, the software calculates the electric power and the 
electrical energy of the solar pump, the peak power of the PV array, etc. Depending on the type of the 
moto-pump and the PV module type chosen by the user, the software gives us the number of modules 
needed and their configuration (number in serial, number in parallel) an the number of moto-pump 
needed, figure 8. 
 
 
Fig. 8. PV Pumping System / Sizing Window.                      Fig. 9. PV Pumping System / Results Window. 
 
 
 Step 3: Results Window  
As shown on the figure 9, the Result Window gather the Site Data, the electrical power of the solar pump, 
the peak power of the PV plant to be installed, the type of the module, etc 
4. COMPARISON OF PVSST 1.0 RESULTS WITH PVSYST AND EOS (BP SOLAR) RESULTS.  
 
In order to verify the accuracy of the results given by our software PVSST 1.0, we have compared them 
with those obtained by PVsyst 5.0 version and EOS 1.1 (BP Solar) version. As for the two software, the 
meteorological data for Tindouf site are missing, to be able to do the comparison we have done the sizing 
for two other sites: Algiers and Tamanrasset.  
 
4.1. Stand Alone PV Sizing System Example  
 
We have treated the case of a rural home having a mean daily consumption of 1890Wh/day. This mean 
consumption energetic profile is considered constant during the year. The sizing operation is done for two 
sites: Algiers situated in the north of Algeria (latitude 36°) and Tamanrasset located in the south of 
Algeria (latitude 21°).  
 
The results obtained for the three software were summarized in the Table 1.  
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Table 1. Results obtained by  PVSST 1.0 , PVSYST 5.0 and  EOS 1.1 (BP SOLAR) for the stand alone PV system example. 
 
   Algiers Tamanrasset 
PVSST 1.0 PV Syst 5.0 EOS 1.1 
 
PVSST 1.0 
 
PV Syst 5.0 EOS 1.1 
 Peak  Power 
PV  array  
(kWc) 
 
9.03 
 
7.9 
 
8.7 
 
4.9 
 
4 
 
4.8 
Battery 
capacity (Ah) 
 
1968.75 
 
1744 
 
2021 
 
1968.75 
 
1744 
 
2021 
 
Table 2 and 3 show the deviation between the PVSST 1.0 results and the PVsyst 5.0 and EOS 1.1(BP 
Solar) for the Stand Alone PV System example treated respectively for the Algiers and Tamanrasset. 
 
Table  2. Deviation between PVSYST 5.0 and  EOS 1.1 result and PVSST 1.0 result for the case stand  alone PV system, site 
Algiers. 
 PVSST 1.0  PVsyst 5.0 EOS 1.1  (BP Solar) 
value value Deviation  %  value Deviation  % 
Peak Power PV Array 
(KWc) 
 
9.03 
 
7.9 
 
12.51 
 
8.7 
 
3.65 
Battery Capacity (Ah)  1968.75 
 
1744 
 
11.42 
 
2021 
 
2.65 
 
 
 
Table  3. Deviation between PVSYST 5.0 and  EOS 1.1 result and PVSST 1.0 result for  the case Stand  Alone PV system, site 
Tamanrasset. 
 PVSST 1.0  PVsyst 5.0 EOS 1.1  (BP Solar) 
value value Deviation  %  value Deviation  % 
Peak Power PV Array 
(Wc) 
 
4.9 
 
4 
 
18.37 
 
4.8 
 
2.04 
Battery Capacity (Ah)  1968.75 
 
1744 
 
11.42 
 
2021 
 
2.65 
 
 
The comparison of the results obtained with the three software is done on the basis of two parameters: the 
peak power of the PV array and the nominal capacity of the batteries. The deviation value is calculated 
relatively to PVSST 1.0 results.  
For Algiers site we noticed that the peak power PV plant deviation gap with respect to PVsyst 5.0 result is 
12.51% whereas the deviation is 3.65% for EOS 1.1. The same thing occurs when we compare the 
nominal batteries capacity. The deviation is about 11.42% for PVsyst 5.0 and 2.65% for EOS 1.1 (BP 
Solar).  
For Tamanrasset site, the deviation is greater. For the peak power PV plant it is 18.37% for PVsyst and 
2.04% for EOS. The deviation for the nominal batteries capacity remains the same as for Algiers site.  
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The deviation for the Algiers site is acceptable, but for the case of Tamanrasset it is a little bit higher. 
This could be explained on one hand by the nature of the data which are not homogeneous and in some 
cases not available. On the other hand, it depends also on the mathematical model used by each software 
for determining the sizing of the PV system.. 
3.2. PV Pumping Sizing System Example  
As the PV Pumping Sizing Procedure is not  included in the EOS 1.1 software, we have just compared the 
results obtained for PVSST 1.0 and PVsyst 5.0.  
For the example treated the characteristics of the well are: the pumping head is 30m, the static level 17m 
with a load loss of about 12% of the height, the water flow is 20 m3/day.  
 
Table  4. Deviation between PVSYST 5.0 and  EOS 1.1 results and PVSST 1.0 results for  the case of  PV pumping system, site  
Algiers and Tamanrasset. 
 Algiers Tamanrasset 
PVSST 1.0 
 
PVsyst  5.0 PVSST 1.0 
 
PVsyst  5.0 
value value Deviation 
 % 
value value Deviation 
 % 
Power 
 Moto-pump  
(W) 
 
916 
 
941 
 
2.73 
 
523 
 
521 
 
0.38 
Energy  
Moto-pump 
(KWh) 
 
3.67 
 
3.64 
 
0.8 
 
3.67 
 
3.64 
 
0.8 
Peak Power PV 
Array 
(KWc) 
 
1.17 
 
1.19 
 
1.71 
 
0.79 
 
0.76 
 
3.78 
 
 
 
The comparison between the results obtained by PVSST 1.0 and PVsyst 5.0 is done on the basis of three 
main parameters: the electrical power, the energy of the moto-pump group and the peak power of the PV 
array.  
The deviations of the electrical power and the electrical energy of the moto-pump are weak and they are 
respectively on the order of 2.73% and 0.8% for Algiers site, table 4. 
For Tamanarasset, these deviations are also very weak respectively 0.38% and 0.8%. However, the 
deviation of the power peak of the PV plant is little bit high (16.79%), this is caused, as mentioned before, 
to the imprecise meteorological data used by PVsyst for Tamanrasset and to the models used. We notice 
that the results obtained by the two software for the PV Pumping sizing are very close. 
 
4. CONCLUSION 
The Sizing tool developed and presented in this article is a part of more powerful tool devoted for sizing 
and simulation of PV systems. We have focused in this paper on the Sizing part of the tool under 
development. The results obtained with this tool for two kind of applications, Stand Alone PV systems 
and PV Pumping systems are acceptable. It will be extended to other applications as PV grid connected 
and hybrid systems. However this tool needs to be improved by the integration of other data base related 
to inverters and regulators. An important coming step of this work will be the sizing of the power cables, 
the wiring network of the system and its different elements in order to get a final system configuration to 
be installed on site. 
84  M. Chikh et al. / Energy Procedia 6 (2011) 75–84
Acknowledgements
We would like to thank Mr S. Elmetnani (UDES) for his valuable advices on the writings of this 
article. 
References
 [1] A. Mermoud. Manuel d’utilisateur de logiciel PVSYST V3. 1998.  
[2] M. Capderou. ‘Atlas solaire d’Algérie ‘ tome2, Aspect énergétique OPU, 1985  
[3] P. Bessemoulin « Le rayonnement solaire et sa composante ultraviolette ». La Météorologie 8e série - n° 31 -   
septembre 2000. France.  
[4] Shell solar, shell power max, solar modules for off-grids markets 1ste edition 2004, Hit photovoltaic modules 
SANYO, Uni-solar PVL product data sheet, high efficiency multi crystalline PV module, Shell solar product 
information sheet.  
[5] Guide de l’utilisateur WINCAPS version 7.5 (version international Grundfos).  
[6] M. Chikh, A. Mahrane, A. Chikouche. A proposal of simulation and performance evaluation of Stand alone PV 
systems in Proc. 23rd European Photovoltaic Solar Energy Conference, 1- 5 September 2008, Valencia Spain, pp 
3579 – 3584.  
[7] IEA Photovoltaic Programs Systems, Performance, Reliability and Analysis of Photovoltaic Systems, Annual 
report 2004.  
[8] Centrales photovoltaïques (guide pour le dimensionnement et réalisation de projet à l’usage des bureaux 
d’ingénieurs (Office fédéral des questions conjoncturelles). 1996.  
[9]A.Jimmy Royer et al. « Le pompage photovoltaïque manuel de cours à l’intention des ingénieurs et des 
techniciens » Université d’Ottawa. EIER/CREP. 1998. 
 
 
